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.2012.09.0Abstract Discharge measurement is an important step in engineering applications such as sewer-
age system, irrigation and drainage system. Mobile ﬂume is a simple and low-cost discharge mea-
suring device constructed of two pieces of pipes, one installed vertically inside the other. The
circular mobile ﬂume depends on the concept of developing a contracted zone to have a control sec-
tion. To evaluate the efﬁciency of this type of device mathematical and experimental studies are pre-
sented. Speciﬁc energy, discharge and Froude number equations are used to develop mathematical
model. Experimental work is carried out to measure the discharge values corresponding to the spe-
ciﬁc energy values. The experimental data is used to evaluate the mobile ﬂume as a device to mea-
sure discharge. A new equation for the discharge coefﬁcient is presented. This equation can be used
to determined accurate discharge with knowing the contraction ratio and measured speciﬁc energy.
 2012 Ain Shams University. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Discharge measurement in partially ﬁlled circular channels is
an essential component of water conservation. The discharge
measurement methods are based on velocity observation or
a direct discharge evaluation. The most common measure-
ments of velocity formulas are Chezy and Manning
formulas. Chow [1], based on the principle of critical ﬂow,26573674.
oo.com (I.M.H. Rashwan),
Shams University.
g by Elsevier
y. Production and hosting by Elsev
04gave the names of different devices for ﬂow measurement.
At a critical control section, the relationship between the
depth and the discharge is deﬁnitive and independent of
the channel roughness and other uncontrollable circum-
stances. Such a deﬁnitive stage–discharge relationship offers
a theoretical basis for the measurement of discharge in open
channels. Hager [2] investigated the ﬂow features of a Ven-
turi ﬂume constricted with sharp edged. The ﬁnal result cor-
responds to an explicit equation for discharge. He presented
a modiﬁed Venturi type for discharge measurement. Hager
[3] described a simple device to measure discharge in sewers
and drainage channels. The mobile device is a cylinder of
diameter d< D and the base of cylinder is rounded to D/
2. The unit can be quickly ﬁxed and removed for short time.
He established an equation for discharge as a function of
approaching ﬂow depth and several recommendations for
its practical use are given.ier B.V. All rights reserved.
Nomenclature
A dimensionless area of the water section (A/D2)
Ao area of the water section
Aoc critical water area
A2 dimensionless water section area at section 2 (A2/
D2)
Ac dimensionless critical water section area (Ac/D
2)
Cd discharge coefﬁcient
dw normal depth of the point below the water surface
d mobile pipe diameter
D circular open channel pipe
E speciﬁc energy
Ec critical speciﬁc energy
Eme measured speciﬁc energy
E* dimensionless speciﬁc energy (E/D)
E*2 dimensionless speciﬁc energy (E2/D)
E*c dimensionless critical speciﬁc energy (EC/D)
E*me dimensionless measured speciﬁc energy (Eme/D)
Fr Froude number
g gravitational acceleration
H total head at section
j height of dried zone
J ratio depends on contraction ratio (j/D)
K coefﬁcient
Q discharge
Qcal calculated discharge
Qme measured discharge
Q* dimensionless discharge (Q
2/gD5)1/2
Q*me dimensionless discharge (Q
2/gD5)1/2
R2 coefﬁcient of correlation
Tc dimensionless critical top width
To top width
Toc critical top width
v stream velocity
y water depth
yc critical water depth
yh hydraulic mean depth
y2 water depth at section 2
Y dimensionless water depth (y/D)
Yc critical hydraulic mean depth
Ycmin. dimensionless minimum critical water depth
Y2 dimensionless water depth (y2/D)
Z elevation of the bottom channel to reference da-
tum
a energy coefﬁcient due to variable velocity distribu-
tion
h slope angle of the channel bottom
d contraction ratio (d/D)
200 I.M.H. Rashwan, M.I. IdressSamani et al. [4] conducted laboratory experiments to eval-
uate the hydraulic characteristics of several circular ﬂumes.
The circular ﬂume is made of two pieces of Polyvinyl Chloride
(PVC) one installed vertically inside the other. He replaced
graphical approach presented by Hager, which is used to cali-
brate the water measuring device based on measured value of
upstream energy. The replacement was developed using com-
puter model based on the measurement of the water depth at
the vertical cylinder pipe and eliminates the need for measuring
the upstream energy. Based on the results of the laboratory
experiments, a computer model is developed for calibration
of circular ﬂume.
Samani and Magallanez [5] used ﬂume consisted of pipe in-
stalled axially inside a trapezoidal channel with side slope 1:1.
Based on the parameters measured in the laboratory, a com-
puter model is developed for calibration of this type of ﬂume
and tested using data collected from ﬂumes installed in the ﬁeld.
The computer model predicted the measured ﬂow rates with a
maximum error of 5.1%. Kohler and Hager [6] improved the
circular mobile ﬂume. The modiﬁed device was provided with
a series of holes drilled into the cylinder, with an inter distance
of roughly 0.3d which water can enter. This model practically
removes the effect of surface ﬂuctuation and pipe slope. The ef-
fects of device distortion, device position, bed slope and sub-
mergence have been evaluated. The device has been
extensively tested in a hydraulics lab and the device has an accu-
racy of ±5% in optimum ﬁeld conditions. Oliveto and Hager
[7] designed a novel mobile device as Sector Venturi which is
characterized by a ring of variable diameter in which two
sharp-crested sectors are attached. When mounting the Sector
Venturi the ring is expanded to match with the pipe section,
the sector elements are sharp crested and have a V-notch atthe invert. To stabilize the depth reading, holes are drilled in
the sectors and two symmetrically arranged containers allow
reading of the total head. The discharge is determined with a
rating curve. Peruginelli and Bonacci [8] used mobile device
with pier-shaped prism to measure the discharge in a rectangu-
lar channel. This kind of construction allows moving this device
from one place to another. Non-dimensional analysis is used to
ﬁnd a generalized solution. Samani and Magallanez [9] pro-
posed a simple Venturi ﬂume. These advantages include lower
construction cost, simplicity in fabrication, ease of transporta-
tion and less width requirements where large ﬂows are mea-
sured. Gole [10] estimated a discharge equation for free and
submerged ﬂow condition for contracted rectangular section
with two prisms ﬁxed on side wall.
In the present study experimental and mathematical work
were carried out to predict discharge using the mobile ﬂume
for horizontal circular open channels. Main objective of the
present study is to evaluate the mobile ﬂume as a device of dis-
charge measurement for horizontal circular open channel with
low ﬂow rate.
2. Mathematical model
The mobile ﬂume is consisting of circular pipe with diameter D
with another vertical pipe with a diameter d is ﬁxed on it, Fig-
ure 1. Vertical pipe reduces the cross section of the ﬂow and
creating a critical ﬂow condition. The total energy at any sec-
tion on a streamline of ﬂow in open channel of large slope can
be described as presented in [1]:
H ¼ Zþ dw cos hþ av
2
2g
ð1Þ
dD
D/2 (D/2-j)
j
Figure 2 Height of dried zone (j) at contracted section.
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Figure 1 Main sections along circular mobile ﬂume.
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channel to reference datum, dw is normal water depth of the
point below the water surface, h is the slope angle of the chan-
nel bottom, a is the energy coefﬁcient due to variable velocity
distribution, v is the stream velocity and g is the gravitational
acceleration.
Three main sections on the circular mobile ﬂume are con-
sidered, Figure 1:
1. The approach section 1;
2. Section 2 at the contracted zone; and
3. Section 3 at downstream of contracted zone.
By assuming the ﬂume is horizontal and a uniform velocity
distribution, the energy equation can be written as:
E ¼ yþ Q
2
2gA2o
ð2Þ
where E is speciﬁc energy head, y is vertical water depth, Q is
the discharge and Ao is area of the water section. An approx-
imating area of water cross section for partially ﬁlled circular
channel is given by Hager and Zu¨llig [3]:
A ¼ Ao
D2
¼ 4
3
Y3=2 1 1
4
Y 4
25
Y2
 
ð3Þ
where A is dimensionless water area section, Y is the dimen-
sionless water depth (y/D), y is water depth and D is diameter
of open channel pipe. Eq. (3) has deviates less than 1.5% from
the exact expression. By dividing Eq. (2) by D it yields to:
E ¼ Yþ Q
2

2A2
ð4Þ
where E* is the dimensionless speciﬁc energy (E/D) and Q* is
the dimensionless discharge ðQ=
ﬃﬃﬃﬃﬃﬃﬃﬃ
gD5Þ.
Section 2 is contracted by vertical cylinder with outside
diameter (d) which made contraction ratio d (d/D). The dimen-
sionless speciﬁc energy at section 2 can be expressed as:
E2 ¼ Y2 þ Q
2

2A22
ð5Þ
where E*2 is dimensionless speciﬁc energy at section 2 (E2/D),
Y2 is dimensionless water depth (y2/D), y2 is the water depth at
section 2 and A2 is water section area.
A cylinder of diameter d< D is mounted in the circular
ﬂume. For d 1.0, cross section area at contracted section can
be written as:
A2 ¼ 4
3
Y
3=2
2 1
1
4
Y2  4
25
Y22
 
 4
3
J3=2 1 1
4
J 4
25
J2
 
 dðY2  JÞ ð6Þwhere A2 is dimensionless water area at section 2, d is contrac-
tion ratio (d/D) and J is ratio depending on contraction ratio
and can be expressed as:
J ¼ j
D
¼ 1
2
1
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 d2
p 
ð7Þ
where J is relative height of drained zone and j is height of
dried zone as shown in Figure 2.
Critical ﬂow appears at contracted section. Thus Froude
number equation is
Fr2 ¼ V2=gyh ð8Þ
where yh is the hydraulic depth (yh = dA/dY= Ao/To), where
To is top width.
Accordingly, the critical speciﬁc energy equation is
E2 ¼ Ec ¼ Yc þ Ac
2dAc=dYc
ð9Þ
where E*c is dimensionless critical speciﬁc energy (Ec/D), Ec is
critical speciﬁc energy, Ac is the dimensionless critical water
area (Aoc/D
2), Aoc is critical water area and Yc is relative crit-
ical water depth (yc/D).
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(Tc = dAc/dYc), can be expressed as Figure 3:
Tc ¼ dAc
dYc
¼ 2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Yc  Y2c
q
 d ð10Þ
where Tc is dimensionless critical top water width (Toc/D), Toc
is critical top width.
Substituting Eqs. (10) and (6) in Eq. (9) obtains:
E2¼Ec
¼Ycþ
4
3
Y3=2c ð1 14Yc 425Y2cÞ 43J3=2ð1 14J 425J2ÞdðYcJÞ
2ð2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
YcY2c
q
dÞ
ð11Þ
Eq. (11) is used to determine dimensionless critical water depth
(Yc) from knowing dimensionless critical speciﬁc energy (E*c)
by trial and error. The dimensionless discharge can be calcu-
lated knowing dimensionless critical depth and dimensionless
contraction ratio by applying the Froude number equation
as follows:
Q ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
A3c
dAc=dYc
s
¼
4
3
Y3=2c ð1 14Yc 425Y2cÞ 43J3=2ð1 14J 425J2ÞdðYcJÞ
 3=2
ð2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
YcY2c
q
dÞ1=2
ð12Þ2.1. Minimum capacity of circular mobile ﬂume device
The minimum capacity of a discharge measuring by mobile
ﬂume device is one of its important characteristic. Differentiate
Eq. (6) by the contraction ratio, take the other parameters as
constant, and equal the differentiated equation to zero leads to
Ycmin: ¼ d
2
2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 d2
p þ 1
2
ð1
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 d2
p
Þ ð13Þ
where Ycmin. is dimensionless minimum critical water depth.
The minimum dimensionless discharge can be found from
Eq. (13) knowing the dimensionless critical depth and dimen-
sionless contraction ratio.
Relationship between contraction ratio and minimum
dimensionless discharge can be read with the circular mobile
device shown in Figure 4. The minimum dimensionless dis-
charge increased with the increment of the contraction ratioFigure 4 Relationship between dimensionless minimum dis-
charge and contraction ratio.as shown in Figure 4. Minimum calculated discharge for con-
traction ratio are 71.856, 113.840 and 258.406 cm3/s for con-
traction ratio d= 0.4, 0.32 and 0.284, respectively.
2.2. Maximum capacity of circular mobile ﬂume device
Maximum discharge capacity of discharge measurement device
must be deﬁned before using the device to prevent any difference
between actual and estimated value. To estimate maximum
capacity for the contraction ratio (d), compute the dimension-
less critical water depth (Yc) from Eq. (11) with assuming unity
dimensionless speciﬁc energy (E*2 = E*c = 1); then calculate
the dimensionless discharge fromEq. (12).Maximumcalculated
dimensionless discharge were 0.2391, 0.2809 and 0.2999 for con-
traction ratios d= 0.4, 0.32 and 0.284, respectively.
3. Experimental set-ups and tests procedures
The experiments were carried out in a laboratory ﬂume with
dimensions 14.25 m long, 1.00 m wide and 1.00 m height, di-
vided into three sections. The ﬁrst one, 6.00 m, was used for
coupling with main supply line, removing eddies and giving
uniform ﬂow. The second one 3.90 m has Plexiglas plates as
sides to have a good view for the experiment. The third one
4.35 m downstream section leads to a collected tank which
have calibrated notch used to measure the ﬂow. Circular pipe
of 4.00 m along the inner diameter (D) is equal to 0.25 m has
inserted in the second part of ﬂume using the upstream and
downstream wall. Suspension of three cables is used for the
convenience of the tube, Plate 1.
The pipe is horizontal and located at 0.25 out of bed ﬂume.
The water depth in the circular pipe can be read by drilling 37
holes in the bottom of the circular pipe to ﬁx piezometers on it.
Measurement scale was developed on the Plexiglas side wall of
the ﬂume and piezometers were put on the scale. Three holes
are made on the top of circular pipe with diameter of 10, 8
and 7.1 cm to ﬁx the vertical pipes.
3.1. Experimental test procedures and measurements
The experiments were conducted for various ranges of dis-
charges to cover three cases of contractions. Three cylindersPlate 1 Experimental apparatus with mobile ﬂume device.
Figure 5 Relationship between dimensionless discharge and
dimensionless measured speciﬁc energy for various contraction
ratios.
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The corresponding diameter ratios were of amount d= 0.4,
d= 0.32 and d= 0.284. Discharge through the experimental
ﬂume was determined by using a rectangular notch at the
ﬂume sump. Ultrasonic ﬂow meter was used to calibrate the
measure of the discharge and a point gauge with accuracy of
0.1 mm used to measure the head above crest level for the
notch. Discharge was carefully controlled to a new value by
using the valve. For each discharge, ﬂume water depths were
observed and recorded. Water depth in vertical pipe was mea-
sured, which can be taken as speciﬁc energy (Eme). Range of
experimental parameters is listed in Table 1. Since this quantity
is equal to the critical energy head (Ec), the other parameters
may be established. Discharges were varied from 0.268 L/s to
4.908 L/s.
The quantities used to evaluate the mobile device are dis-
charge (Qme) and water depth in contraction device, which
can be taken as measured speciﬁc energy (Eme).4. Analysis and discussion
Main objective of the present study is to evaluate the mobile
ﬂume as a device of discharge measurement for circular open
channel with low ﬂow rate. Figure 5 shows the plot for the
dimensionless measured speciﬁc energy E*me with the function
Q=
ﬃﬃﬃﬃﬃﬃﬃﬃ
gD5
p
for contraction ratios d= 0.4, 0.32 and 0.284. For
direct prediction of discharge from known values of waterTable 1 Experimental results.
Run no. Q (cm3/s) Q*me (d= 40%)
Eme (cm) E*m
1 268.567 0.003 3.3 0.1
2 384.334 0.004 3.7 0.1
3 517.093 0.005 4.2 0.1
4 617.235 0.006 4.6 0.1
5 745.848 0.008 4.9 0.1
6 869.380 0.009 5.0 0.2
7 1087.606 0.011 5.5 0.2
8 1133.006 0.012 5.7 0.2
9 1159.202 0.012 5.8 0.2
10 1487.335 0.015 6.4 0.2
11 1573.177 0.016 6.5 0.2
12 1609.375 0.016 6.5 0.2
13 1689.892 0.017 6.6 0.2
14 1900.161 0.019 6.8 0.2
15 1977.059 0.020 7.3 0.2
16 2557.235 0.026 8.0 0.3
17 2641.343 0.027 8.1 0.3
18 2734.816 0.028 8.1 0.3
19 2803.417 0.029 8.3 0.3
20 2985.941 0.031 8.6 0.3
21 3279.754 0.034 9.0 0.3
22 3544.795 0.036 9.5 0.3
23 3656.291 0.037 9.5 0.3
24 3740.602 0.038 9.6 0.3
25 4006.619 0.041 10.1 0.4
26 4239.026 0.043 10.1 0.4
27 4287.945 0.044 10.5 0.4
28 4545.068 0.046 10.5 0.4
29 4888.116 0.050 10.8 0.4
30 4908.532 0.050 10.8 0.4depth in vertical pipe, which can be taken as measured speciﬁc
energy (Eme), Figure 5 could be used. For values of contraction
ratio d, from knowing the speciﬁc energy, Eme, the relative crit-
ical water depth, Yc, is deﬁned according to Eq. (11). Then, it
can be computed the corresponding dimensionless discharge
Q* from Eq. (12). The calculated ﬂow rates were compared
with those measured rates. The comparison is shown in
Table 2. Table 2 shows that the computing discharge deviates
measured by 31.6%, 7.9% and 14.7% for contraction ratios(d= 32%) (d= 28.4%)
e Eme (cm) E*me Eme (cm) E*me
32 3.1 0.124 2.9 0.116
48 3.5 0.14 3.4 0.136
68 3.9 0.156 3.8 0.152
84 4.2 0.168 4.1 0.164
96 4.5 0.18 4.5 0.180
00 4.8 0.192 4.7 0.188
20 5.2 0.208 5.1 0.204
28 5.4 0.216 5.2 0.208
32 5.4 0.216 5.4 0.216
56 6.1 0.244 5.9 0.236
60 6.2 0.248 6.0 0.240
60 6.2 0.248 6.0 0.240
64 6.4 0.256 6.3 0.252
72 6.6 0.264 6.5 0.260
92 6.9 0.276 6.7 0.268
20 7.7 0.308 7.4 0.296
24 7.8 0.312 7.6 0.304
24 7.8 0.312 7.6 0.304
32 8.0 0.320 7.8 0.312
44 8.3 0.332 8.0 0.320
60 8.6 0.344 8.3 0.332
80 8.9 0.356 8.7 0.348
80 8.9 0.356 8.8 0.352
84 9.0 0.360 8.9 0.356
04 9.5 0.380 9.3 0.372
04 9.5 0.380 9.5 0.380
20 9.9 0.396 9.8 0.392
20 10.1 0.404 10.1 0.404
32 10.2 0.408 10.2 0.408
32 10.2 0.408 10.2 0.408
Figure 6 Relationship between discharge coefﬁcient and dimensionless measured speciﬁc energy for various contraction ratios.
Table 2 Comparison of calculated and measured discharge.
Run no. Qme (cm
3/s) (d= 40%) (d= 32%) (d= 28.4%)
Yc Qcal (cm
3/s) Error% Yc Qcal (cm
3/s) Error% Yc Qcal (cm
3/s) Error%
1 268.567 0.113 183.5672 31.6 0.102 252.4832 6.0 0.095 264.0039 1.7
2 384.334 0.125 263.825 31.4 0.114 353.8855 7.9 0.110 400.9749 4.3
3 517.093 0.140 387.0818 25.1 0.127 484.9022 6.2 0.122 532.899 3.1
4 617.235 0.152 504.4683 18.3 0.135 576.6267 6.6 0.131 645.0503 4.5
5 745.848 0.161 603.6391 19.1 0.144 690.0233 7.5 0.142 797.6241 6.9
6 869.380 0.164 638.8335 26.5 0.154 828.7763 4.7 0.149 903.6375 3.9
7 1087.606 0.180 844.7153 22.3 0.166 1013.099 6.9 0.161 1101.577 1.3
8 1133.006 0.186 929.8525 17.9 0.172 1112.574 1.8 0.164 1154.265 1.9
9 1159.202 0.188 959.1964 17.3 0.172 1112.574 4.0 0.170 1263.488 9.0
10 1487.335 0.206 1245.052 16.3 0.193 1499.217 0.8 0.185 1558.997 4.8
11 1573.177 0.210 1313.901 16.5 0.196 1559.339 0.9 0.188 1621.946 3.1
12 1609.375 0.210 1313.901 18.4 0.196 1559.339 3.1 0.188 1621.946 0.8
13 1689.892 0.213 1366.81 19.1 0.202 1683.248 0.4 0.197 1818.477 7.6
14 1900.161 0.218 1457.414 23.3 0.208 1812.037 4.6 0.203 1955.894 2.9
15 1977.059 0.232 1727.2 12.6 0.217 2014.357 1.9 0.211 2147.06 8.6
16 2557.235 0.254 2198.937 14.0 0.241 2607.273 2.0 0.230 2637.331 3.1
17 2641.343 0.257 2267.771 14.1 0.242 2633.656 0.3 0.236 2802.705 6.1
18 2734.816 0.257 2267.771 17.1 0.242 2633.656 3.7 0.236 2802.705 2.5
19 2803.417 0.263 2408.673 14.1 0.249 2822.076 0.7 0.241 2944.368 5.0
20 2985.941 0.272 2628.08 12.0 0.258 3073.923 2.9 0.247 3118.97 4.5
21 3279.754 0.284 2935.589 10.5 0.265 3277.231 0.1 0.257 3421.101 4.3
22 3544.795 0.298 3315.816 6.5 0.274 3548.131 0.1 0.268 3769.422 6.3
23 3656.291 0.298 3315.816 9.3 0.274 3548.131 3.0 0.271 3867.309 5.8
24 3740.602 0.302 3428.671 8.3 0.277 3640.797 2.7 0.274 3966.43 6.0
25 4006.619 0.316 3838.316 4.2 0.292 4121.767 2.9 0.286 4375.203 9.2
26 4239.026 0.316 3838.316 9.5 0.292 4121.767 2.8 0.291 4551.3 7.4
27 4287.945 0.327 4176.054 2.6 0.305 4562.215 6.4 0.299 4840.079 12.9
28 4545.068 0.327 4176.054 8.1 0.311 4772.83 5.0 0.309 5213.135 14.7
29 4888.116 0.336 4462.682 8.7 0.314 4879.863 0.2 0.312 5327.655 9.0
30 4908.532 0.336 4462.682 9.1 0.314 4879.863 0.6 0.312 5327.655 8.5
204 I.M.H. Rashwan, M.I. Idress40%, 32% and 28.4% respectively. However, the estimated
equations compute for a uniform distribution of velocity as
assumption, the estimated discharge deviates from the mea-
sured one. Thus, the estimated equation should be corrected
by discharge coefﬁcient.4.1. Discharge coefﬁcient equation
The relationship between the discharge coefﬁcients (Cd = Qme/
Qcal) versus dimensionless measured speciﬁc energy for differ-
ent contraction ratios are shown in Figure 6. An equation was
Figure 7 Relationship between coefﬁcient (K) and contraction
ratios.
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Figure 6, using the least-squares techniques, for every value
of contraction ratio as:
Cd ¼ 1:5195 ð1:0946ÞEme d ¼ 0:4 ðR2 ¼ 0:8122Þ ð14aÞ
Cd ¼ 1:1126 ð0:3307ÞEme d ¼ 0:32 ðR2 ¼ 0:5590Þ
ð14bÞ
Cd ¼ 1:0123 ð0:2294ÞEme d ¼ 0:284 ðR2 ¼ 0:4150Þ
ð14cÞTable 3 Comparison of corrected calculated and measured dischar
Run no. Qme (cm
3/s) (d= 40%) (d=
Cd Qcal (cm
3/s) Error% Cd
1 268.567 1.374 252.167 6.1 1.096
2 384.334 1.357 358.117 6.8 1.089
3 517.093 1.337 517.539 0.1 1.082
4 617.235 1.321 666.266 7.9 1.077
5 745.848 1.309 789.864 5.9 1.072
6 869.380 1.304 833.312 4.1 1.067
7 1087.606 1.284 1084.659 0.3 1.060
8 1133.006 1.276 1186.401 4.7 1.056
9 1159.202 1.272 1219.933 5.2 1.056
10 1487.335 1.247 1553.050 4.4 1.044
11 1573.177 1.243 1633.577 3.8 1.043
12 1609.375 1.243 1633.577 1.5 1.043
13 1689.892 1.239 1693.789 0.2 1.039
14 1900.161 1.231 1794.189 5.6 1.036
15 1977.059 1.211 2091.124 5.8 1.031
16 2557.235 1.182 2599.532 1.7 1.017
17 2641.343 1.178 2671.665 1.1 1.015
18 2734.816 1.178 2671.665 2.3 1.015
19 2803.417 1.170 2818.031 0.5 1.012
20 2985.941 1.158 3042.598 1.9 1.007
21 3279.754 1.141 3350.758 2.2 1.002
22 3544.795 1.121 3717.199 4.9 0.996
23 3656.291 1.121 3717.199 1.7 0.996
24 3740.602 1.117 3829.743 2.4 0.995
25 4006.619 1.097 4209.101 5.1 0.986
26 4239.026 1.097 4209.101 0.7 0.986
27 4287.945 1.080 4511.395 5.2 0.979
28 4545.068 1.080 4511.395 0.7 0.976
29 4888.116 1.068 4766.482 2.5 0.974
30 4908.532 1.068 4766.482 2.9 0.974where R2 is the coefﬁcient of correlation.
A general equation was developed for discharge coefﬁcient
(Cd) based on the data in Eq. (14) and Figure 7:
Cd ¼ ðð7:3839Þd 1:9348Þ þ ðð4:4912Þd 0:2883ÞEme
ðR2 ¼ 0:9627 and 0:9856Þ ð15Þ
Hager [3] suggested Cd = 1 for Yc < 0.073 and derived a
relation for discharge coefﬁcient corresponding to dimension-
less measured speciﬁc energy as:
Cd ¼ 0:985þ 0:205Eme 0:073 6 Yc < 1 ð16Þ
A slightly different equation was developed by Samani et al.
[4] as follows:
Cd ¼ 1:057þ 0:2266Eme ðR2 ¼ 0:8Þ ð17Þ
Eq. (14c) is very near to Eq. (17) recommended by Zohrab
with little difference than Hager equation Eq. (16). Eq. (15) is
general equation for discharge coefﬁcient (Cd) for any value of
contraction ratio.
Appling discharge coefﬁcient equation, Eq. (15), leads to
decrease the percentage error between calculated discharges
and measured one for various contraction ratios. The results
of corrected calculated ﬂow rates were compared with those
measured and the comparison is shown in Table 3. From Ta-
ble 3 it can be noticed that error percentage of 7.9%, 5.3% and
5.7% for contraction ratios 40%, 32% and 28.4% respectively.
It can be concluded that the best contraction ratios used in
the circular mobile ﬂume are 32% and 28.4%, which givege.
32%) (d= 28.4%)
Qcal (cm
3/s) Error% Cd Qcal (cm
3/s) Error%
276.673 3.0 0.968 255.657 4.8
385.366 0.3 0.965 386.996 0.7
524.717 1.5 0.963 512.938 0.8
621.011 0.6 0.961 619.632 0.4
739.591 0.8 0.958 764.124 2.5
884.055 1.7 0.957 864.512 0.6
1073.733 1.3 0.954 1051.021 3.4
1175.352 3.7 0.953 1100.542 2.9
1175.352 1.4 0.952 1203.043 3.8
1565.842 5.3 0.949 1479.356 0.5
1625.967 3.4 0.948 1538.036 2.2
1625.967 1.0 0.948 1538.036 4.4
1749.405 3.5 0.946 1720.860 1.8
1877.051 1.2 0.945 1848.362 2.7
2076.284 5.0 0.944 2026.232 2.5
2651.714 3.7 0.939 2476.932 3.1
2674.037 1.2 0.938 2628.611 0.5
2674.037 2.2 0.938 2628.611 3.9
2855.683 1.9 0.937 2757.653 1.6
3094.739 3.6 0.935 2917.136 2.3
3282.591 0.1 0.933 3193.055 2.6
3535.708 0.3 0.931 3508.373 1.0
3535.708 3.3 0.930 3596.972 1.6
3621.816 3.2 0.929 3686.590 1.4
4064.993 1.5 0.927 4055.166 1.2
4064.993 4.1 0.926 4212.476 0.6
4468.129 4.2 0.924 4470.334 4.3
4658.055 2.5 0.922 4804.742 5.7
4754.160 2.7 0.921 4906.834 0.4
4754.160 3.1 0.921 4906.834 0.0
206 I.M.H. Rashwan, M.I. Idressdischarge deviates 5.3% and 5.7% than the measured value
respectively.
5. Conclusions
A simple water discharge device is evaluated. Theoretical re-
sults were compared with measured data in laboratory. Pro-
posed model contains three equations for estimate
dimensionless discharge value; Eqs. 7, 11, and 12. The follow-
ing conclusions have been drawn from the present study.
1. Based on momentum, discharge and Froude principals,
equations are developed for computing the discharge
through the circular open channel with mobile ﬂume.
2. Minimum and maximum discharge capacity estimated is
depending on knowing the minimum critical water depth
creating and contraction ratio.
3. A new equation for the discharge coefﬁcient is presented.
The new discharge coefﬁcient equation is related to con-
traction ratio and dimensionless measured speciﬁc energy.
The previous study estimated discharge coefﬁcient equation
depends on dimensionless measured speciﬁc energy and
without taken the effect of contraction ratio on the derive
expression. In present study, the discharge coefﬁcient equa-
tion, Eq. (15), depends on the contraction ratio and the
dimensionless measured speciﬁc energy.
4. Relationship between measured speciﬁc energy and mea-
sured discharge in dimensionless form is presented in Fig-
ure 5. For direct prediction of discharge from known
values of water depth in vertical pipe Eme, Figure 5 could
be used.
5. The best contraction ratios used in the circular mobile
ﬂume are 32% and 28.4%, which give discharge deviates
5.3% and 5.7% than the measured value respectively.References
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